Ecological Variety
The Prince William Forest Park Premise

Robert H. Giles, Jr.

Department of Fisheries and Wildlife Sciences
College of Forestry and Wildlife Resources
Virginia Polytechnic Institute and State University
Blacksburg, Virginia, USA
24061-0321
May 1993

Table of Contents

Preface
Introduction
The Premise
The Definition
The Situation
An Old Idea
A Complex Idea
Structural or Biomass Diversity
Taxonomic Diversity
Life Form Diversity
Numerical Dominance
Biomass and Size Shape Diversity
Process Diversity
Trophic Level Diversity
Production Diversity
Behavioral Diversity
Relations
Temporal Diversity
Spatial Diversity
Distribution
Size Distribution
Quality of Joins

Connectivity
Similarity
Alternatives
Practical Biodiversity
Examples and Managerial Action
Literature Cited

2
4
5
8
9
10
11
12
12
19
19
27
27
27
27
27
27
28
29
31
31
32

32
33
34
37
38
40

Preface
This paper is one among several products of the project Parkland Systems in
Context: Influence and Imoacts funded by the U. S. National Park Service (NPS).
While developed for one National Park and its surroundings, the concepts and those
for their applications are not unique. The paper, therefore, may be of widespread
interest.
Ecology is said to be the study of interactions. Also it is said that in Nature,
"everything is hitched to even/thing else." Because of these two ideas, it can be
seen how difficult it is to tease apart a single idea or a small set of them without fear
of criticism (or serious consequences) or of omitting important topics. That is part of
the difficulty encountered in developing this paper. Studying diversity is like
exploring a cave. There is never enough light; there may be much more space or
beauty than can be seen, and some danger. There are large chambers, but dead
ends. There are several levels, twists, and turns. Explorers may need a string to
find their way back to the starting point.
The concerns of the staff of this Park and those of parks throughout the world (Giles
and Jhala, in prep.) are for protecting and maintaining their park in the face of
changes outside of the park. These changes may be as specific as residential
development at the edge or as pervasive as global ozone depletion. There is no
longer a clear idea of where is the reai edge of any wildlife or natural area.
"Accountability" is a word that now appears in the press as much as "diversity." The
ideas of accountability, like diversity, are oid and just peak in popularity. How would
a park official (or the public clientele) know when staff were really "protecting and
maintaining their park"? One alleged way is in a park's "biodiversity". No one
knows what this really means, but such an expression seems like a reasonable
answer to the question. Beside, there are laws protecting biodiversity on public
lands, so it may not be a bad idea to use it as an answer. This paper presents a
study, of some of the implications of the above answer to the difficult questions of
what it is that parks are or should be trying to do, and how to quantify success.
Attorneys make arguments for their clients. Scientists present arguments for or
against proposals, hypotheses, and theories. This paper does not address the
diversity debates. It presents an admittedly biased argument for diversity and for
particular exDressions of it. It is not a comprehensive analysis of ecological diversity
because literature volume new exceeds the best reading efforts of a qualified PhD
candidate with support and stamina. Although arguing for diversity, the paper
suggests limitations in this topic for parks and suggests alternatives.
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A set of programs in BASIC for personal computers is available to supplement the
analyses presented in the text. They may be ordered for a smail fee from the Park,
Triangle. Virginia, 22172.
This paper has been published to communicate the results of a study by the Prince
William Forest Park staff and advisors to the natural resource, ecology, and wildlife
community with the least possible delay.
The project has been supported by the NPS. The findings, interpretations, and
conclusions expressed are entirely these of the author and should not be attributed
in any manner to the NPS. The NPS does not guarantee the accuracy of the
information presented in this publication and accepts no responsibility whatsoever
for any consequences of its use. The material in this booklet is not copyrighted but
acknowledgement of the source will be appreciated and should be sent to the
Resource Use Soecialist, Prince William Forest Park, at the address shown above.
The Park encourages dissemination and use of its work.
The author, Robert H. Giles, Jr., PhD, is a professor of systems ecology and wildlife
resource management in the Department of Fisheries and Wildlife Sciences, Virginia
Polytechnic Institute and State University, Blacksburg, Virginia, USA 24060-0321.
He has taught and conducted studies at Virginia Tech since 1967.
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Ecoiogical Variety: The Prince William Forest Park Premise'
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Diversity is a topic of very important international concern. Peopie have said they
want diversity. Knowing what that means, how to achieve it, how to judge hew far
we need to go to get it. and when we have it . . . these are my topics. This paper
grows from studies and my work in Ohio, Idaho, and in Virginia for over 35 years,
from work in the wiidlands of China. India. Nigeria, and Senegal, from a boyhood in
the countrysice around Lynchburg, Virginia. I have chosen to write somewhat
informally because the topic of diversity or biodiversity can easily become very
technical anc expansive. Too many options make decision-making impossible. The
purpose of the paper is to improve decision-making within and around parkland such
as the Prince Wiiliam Forest Park, a National Park located in Virginia. I have
attempted to describe many concepts that seem grouped under topics of diversity,
biodiversity, richness, and simiianty to show their relations and overlaps; and to
suggest a practical synthesis and recommendation. My synthesis is called the
Prince Wiiliam Forest Park premise, a premise about ecological variety. It is not a
bad idea; it can be put to good use.
I once heard Prof. F. M. Wiiliams (Fenn State University, 1978) say that "neither
concise elegance nor rococo grandeur of mathematical treatment can sharpen the
boundaries of originally fuzzy concepts. Only by precise verbal and empirical
analysis can we be certain that the concepts are clear enough to ensure that
quantitative manipulation will yield meaningful statements." Finding or developing
meaningful statements, those that make sense, are my objectives.
Perhaps the only idea that many advocates of biodiversity are attempting to
communicate is that they want to slow or stop animal and plant extinction.
This is
an important idea that has sound footing in theological, biological, and other areas.
Simply saying that we need programs to slow or stop animal extinctions seems
reasonable. One less animal wouid mean that, by at least one definition, conditions

T The Prir.ce William Forest Park is a 15,000 acre unic of Che OT.S.
National Park Service in Virginia 35 miles south cf Washington, D.C., ac
approximately 38°33'32"N latitude and 77322'52" Longitude.
t

This projeer was encouraged by Mr. Riley Hcggard, Natural Resource
Specialise, Prince William Forest Park, and supported in part by the 'J.5.
National Park Service, Triangle. Virginia 22172, and the Department of
Fisheries and wildlife Sciences of Virginia Polytechnic Institute and State
Cniversitv.
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for people are less diverse than they used to be. I see no particular need to clothe
such an idea in needs for diversity. There must be some other connotation to
biodiversity to express desires for stable or increased diversity, and for the
emergence of new disciplines or work-realms such as "conservation biology" that
emphasize studies of diversity. Maybe we just do not want to lose any more
species. If that is the quest, I have seriously misunderstood the message. It seems
more than that. I shall not take full blame; the message has been seriously
obsfucated. The notion that greater species diversity results in system complexity,
thus greater stability, is no longer tenable, at least in any simple interpretation.
Similarly, many of the other assumed correlations with diversity have been found
lacking.
The Premise
My premise is that reasonable people want (for many reasons not discussed here)
many species of plants and animals, a reasonable abundance of each (sufficient to
reduce the chance of aii being lost due to some radical change in conditions), each
year for the foreseeable future (and the future of their family.) This is a long
complex sentence accut a single word-symbol. Most people are ambivalent about
native species and about whether bringing non-natives to an area is desirable.
(They have seen introduced species become pests, but have also seen species
introduced that contribute to human life quality, e.g., the ring-necked pheasant,
Phasianus colchicus.) My premise includes the desirability of having uneven
populations of plants and animals, some rare and some abundant, the rank-order of
which is potentially describable by a negative logarithmic expression (Fig.1).
People seem to seek a singular expression for summarizing an ecosystem, a means
to answer "how is it doing?", formally a svstem performance measure. One or more
diversity indices m'av be the way to summarize the condition, but I suspect that they
are not. Instead it is essential for citizens, ecologists, public land managers, ana
others to clarify objectives for their land and resources, express as some
Quantifiable unit the evidence for success in each objective (each Q), then develop
relations such as
Q, = a + b (S-1) + c (F)
where Q; is a performance measure for the ith objective, e.g., total bicmass. S is the
species count, and F the total abundance of all species cr a set of abundances for a
small set of species, f , f2 ...fn. The premise itseif is long and complicated. This
pacer seeks to explain, expand upon and clarify the premise. Diversity is a
5

Fia 1 It may be that in addition to many species, people desire some that are very
abundant and many that are relatively (but not hazardously) rare. ' he distnoufon
may be that of the negative exoonential which, in logarithm rorm, is s.en m .he
upper right figure.
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diverse concept. It has limited usefulness, but studying and clarifying it has
produced many side effects, new understanding of ecosystems, and a new way to
study and clarify the changes taking place in National Parks and other areas.
The performance measure that is being sought should express an answer, as
Saiwasser said, to the question of "How much of what kinds of species and
communities do peopie want in particular places and for how long?" He did not
answer the question because it is for oeoole to do so. Rather than emphasize
people in the question, he spoke to biological issues. Soon society, all of us. must
produce an answer. The answer is political, the interactive sum of the expressions
of groups of people with many different demands but (presumably) willingness to
accept a majority opinion (a vote) about the appropriate levels subject to reasonable
and legal limits.
Boyce and Cost (1973) suggested a concept of "meaningful difference in the
elements of biological communities", but this emphasis on differences may be
misleading. The difference between 100 and 98 in two communities is the same as
that between 8 and 6 in another situation. The total size or number in the
community is important. This Is the notion of richness to be discussed. The other
major aspect of the concept Is that of the distribution in abundance. Some
communities (elements, tracts, or patches) may have equal numbers in all species
or taxa, others may be very sharply skewed. Some peopie have tried to put these
two ideas together in a diversity index, but here the greatest failures have occurred,
both in formulating and in relating the results to something that has relevance and
meaning in the ecosystem. Because of the breadth of topics often listed in
discussions of diversity (genetics, landscapes, etc.), even "biological community"
may be inappropriate. Herein I suggest that, if diversity means the full variety of life
in an area and its processes, then there is little that it is not. There is a need for
some increased precision in expressing the idea. Dictionary definitions help little.
There is no formal authority to which to turn for 'esolution; no rules about first use or
prior use definitions. Perhaps it is not terribly important to develop a precise
definition. Diversity is clearly a word with many uses and with political advantages if
it stays broadly and pcoriy defined. Nevertheless it is required by various laws, so
some precision seems essential. Yet unclear is what is desired. To know that
might help in developing a definition. The range of words used with it includes:
maximize, stabilize, sustain, conserve, increase, and maintain. There is not new
and cannot ever be, because of prior use and confusion, an agreed-upon definition.
Biological diversity is a phrase-model, a stimulus that might typically evoke
discussions about the variety in the number of life taxa. and the actual as well as
7

desired distribution of abundance within them. It is a word with at least two major
dimensions and future progress will depend upon analyses of them both, separately.
The Definition
Biodiversity is said within a U.S.F.S. publication to include the full range of topics
from conservation of genetic variation in species populations to the full richness of
ecosystems on Earth. This is part of the various discussions that now include the
desire for variety within categories of genetics and the evolutionary matrix, within
species, ecosystems. landscaDes and ecoregions, and now creeps over into
assertions about needed variety among categories, and then adds to the overextended and teetering stack of ideas categories of human health, human cultural
diversity, and even work-place diversity to inciude race, gender, and age.
The longer the conversations continue about biodiversity, the more likely they are to
include topics such as population vitality or minimum sustainable populations,
ecosystem restoration, landscape ecology, forest fragmentation, cumulative effects,
land use stressors, and conservation biology. The meaning is not at all clear and
whatever it is, is more likeiy to expand than to contract. Quantifying and certifying
success or faiiure in an unclear legal mandate is difficult, and absence of a standard
is unsettling for conscientious professional land managers. Without clarity, a basis
for accountability is missing; the conflict field is established. Patii and Taiilie (1982)
said that the important concern about the concept of diversity is the nature and
degree of apportionment [presumably of "resources", broadly] expressed, for
example as more or less concentration, spread, specialization, or monopoly. Others
are not so precise in their definition of diversity. Some want many species, the
more the better. Some want rare species as well as mass spectacles, e.g., flocks
that darken the sky. Others use the term for evenness in abundance but
recreationists use it to mean a bread spectrum of dispersed and developed
opportunities from the "paved to the primeval" and presumably flora and fauna
associated with conditions throughout the range. In an ecosystem or community,
diversity has been summarized by Patii and Tallie (1982) as average species rarity.
The basis for the concept is a set of questions such as: Is there a large number of
species? The number is defined as richness, and presumably areas with more
species have more resources or have a relaxed constraint that allows more of them
to use the limited resources present.
Are there many creatures cresent (plants, animals, or both) of the common species?
Of the rare species? Is the typical species rare? If "yes" to the last question,
3

presumably the community wouid be depauperate, polluted, or otherwise very
constrained (as in some very harsh situation). The general expectation is that the
rarer the typical species, the one most often seen, the more "diverse" will be the
community, i.e.. there wiil be few animals or plants present since even the typical
one is rare. The proportion of each species present will be somewhat the same
(and ail wiil be small). This condition of equal proportion being present has been
called maximum evenness. Diversity, by some indices used. Is an expression of
evenness. The rarity of each species can likely be imagined. Species can probably
be sampled in some way and the average rarity, an expression of one species,
relative to the others, can be computed. How to do this, i.e.. compute average
rarity, is the problem engaged by so many statisticians, ecologists, and land use
managers.

i ne bituation
The situation for describing diversity in the Park and similar areas is grave but not
hopeless. It is not easily seen, less easily understood. Data on rare species are
rare; peopie shift the scale of a discussion from global generalization to a single
endangered species in a smail area in a wink.
The apparent situation globally is that species are being lest. There is a
measurable rate of decline in the number of species ... species lost forever. There
are major declines in the abundance of some species, sufficient to suggest that if
they continue, they too may be lest, at least in a large area. There is a threat that
some species may become so rare that they cannot recover even with the best
efforts. With small populations, inbreeding occurs with its many harmful, speciesendangering effects.
Areas like the Prince William Forest Park, while not undisturbed, pristine, or virgin,
nevertheless have characteristics unlike other areas in the same region with many
of the same factors operative, in that communities of plants and animals change
and consistently take on similar characteristics as they become eld (greater than
100 years), such areas and their associated plants and animals become more
unusual. They are surrounded by young areas, these disturbed regularly by
cropping, timber han/ests, and other land use. The land resen/e, park, or similar
area can provide conditions for plants, animals, and unique groups or whole
"communities" that otherwise would be lost, as they have been across the
intensively-used landscape.
3

in conferences around the world it has been recognized that the fate of many
preserved areas (and more truly, certain species in them) is determined by their
surroundings or by events and conditions remote from them (e.g., oil spills and
regional temperature change). Destroying a small habitat may destroy a migrant
species which otherwise has abundant space. Enough land cannot be acquired to
protect ail species, even if migrants are ignored. Some species require large areas
in which to meet ail of their life requirement ... over all possible changes in climate
and conditions (e.g., black bears, turkey vuitures). The size of an area and the
resources present determine the species that may be present over a long period,
and the potential abundance of species that do occur. Many forms are easily
disturbed by people and will never become "tame" as some higher order animals do
in park-like conditions (e.g., bears and deer). Intrusion of people, pets, industrial
and residential noise, and their toxicants can make areas unsuitable, unused by
some animals, and invaded by non-native plants ("weeds") in the natural park.
There are more conspicuous effects of people at the edge of such areas such as
those from poaching, plant collecting, timber harvests, waste disposal, and
vandalism.
An Old Idea
Interest in diversity has become conspicuous in the past few years but is an oid
concern. In 1972 Whittaker (1972) listed 212 references on diversity and the
number has increased exponentially. There are over 50 published indices. A
bibliography on the topic by Dennis et al. (1979) had over 1000 entries.
In early 1973, a bill (S. 18-20) was considered that would become the Natural
Diversity Act. It was primarily proposed to acquire areas and to develop The Nature
Conservancy's heritage program but its proponents voiced concerns about animals
and plants becoming extinct and the need for maintaining ecological diversity.
These ideas are not new. In 1987 a report, "Technologies to Maintain Biological
Diversity", was presented to the Congress. It influenced writing of HR4335, the
National Biological Diversity Conservation and Environmental Research Act, 1988.
It, along with 7 other related biils, later died. An even later bill, HR1268 similar to
that of the 100th Congress, was introduced. I suggest such legislative action is
evidence of a growing, already widespread interest in, perhaps concern for,
diversity. Since 1900, Congress has passed 28 federal acts proposing to maintain
biological diversity. The legislation includes the Wilderness Act of 1964, the Wiid
and Scenic Rivers Act of 1968, the Endangered Species Act of 1973. the Federal
Land Policy and Management Act of 1976, the National Forest Management Act of
10

1976, and the Public Rangelands Improvement Act of 1978. Recent (1992)
examples of efforts to preserve diversity include action of the World Biodiversity
Congress in Brazil.
Interest has grown in formulating objectives and in expressing and quantifying
performance of wiidland systems. There are many objectives for these areas, thus
many ways to express performance. Synthetic indices or statistics have been
sought to ease and improve communicating such performance. Performance
measures for ecological system, presumably or hopefully captured in a diversity
index, are needed:
1.
2.
3.
4.
5.
5.
7.
8.
9.
10.
11.
12.
13.
14.

To improve allocation of scarce resources (funds, equipment, and
labor)
To evaluate administrative effectiveness
To evaluate managerial effectiveness
To evaluate research priorities
To justify funding needs
To measure (or predict) results of treatments (e.g., planting, fire,
herbicides, harvests)
To sen/e as the base-data of normalcy
To provide eariy warning of problems
To evaluate impacts (actual or proposed)
To test hypotheses, e.g., using diversity as the independent variable in
a regression analysis or for testing a correlation
To make ccmcarisons oetween and among periods
To make comparisons between and among areas
To provide a sense of constancy, security, or overall monitoring of
"how things are in general"
To sen/e as a measure of the options available for the future for
discovering chemicals and other resources for use in industry,
medicine, and agriculture.

A Complex Idea
Diversity is a veny difficult and complex concept, has many meanings, has some
inconspicuous elements, and thus can be very dangerous when used as a legal tool
or as a simplistic explanation of ecological phenomena. Animal scecies of very
different size, from elephant to mouse, each get tailied only as one entry to compute
A A.
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the total species. Their abundance is similarly unequally treated by ignoring
biomass. Importance or dominance in an ecosystem is similarly not accounted in
most diversity indices. Just as the liver and the pituitary gland of the human body
might be tallied as two organs and their biomass placed in the calculations,
"importance" would not likely be reflected. An expression of the diversity of organ
size or weight is not likely "to make sense out of the system in which the organs
are found.
It seems necessary to try to convince some people of the complexity of the diversity
idea and the issues surrounding it. Comprehending this complexity may reduce the
loose usage of the concept, may prevent its abuse, may ailow precise attacks to
clarify claims, and may provide ample ammunition for defensive work against certain
other claims.
Diversity can be and has been quantified. Some of the ways will be discussed. The
numerical results can be expressions of:
estimated diversity (often with a confidence level with plus and minus limits)
actual diversity (the true measure for which gross estimates must often
suffice)
desired diversity (an expression of objectives), and
potential diversity (usually computed on theoretical grounds such as projected
maximum numbers cbser/ed or energetic limits)
The ecological literature lists aloha diversity as related to the local numbers of
species (within a small area). Beta diversity expresses change between-areas or
turnover. Gamma is large-scaie, regional diversity. Along with these may be
aligned broad classes of diversity found in the literature. These are structural (within
ecosystems) or biomass diversity; process diversity; temporal diversity; and spatial
diversity. See Fig.2. Each of these last classes will be discussed briefly.

Structural or Biomass Diversity
Taxonomic Diversify

One researcher finds 30 scecies. Another finds -0 in the same area. Perhaps one
is a better taxonomist than the other; one a "lumper", the other a "splitter.H Perhaps
12

Table 1. An hypothetical set of numbers of individuals in a sample of four taxa.
The Simpson index of diversity for this population is 0.58. By splitting taxon 1 into
two taxa of 400 and 296 each, we then get an index of 0.76. The nomenclature,
grouping, and rationale for grouping items for analyses is very important.

Taxa

Numbers

Proportions

1

796

0A1

2

694

0.36

3

201

0.10

4

2^7

r\ - n
•J. i O
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Fig. 2. The many types and classes of biodiversity can be viewed as a large bcx or
matrix. There are many ceils In the box. The probability of any discussion
centering on only one cell is lew, often leading to confusion and conflict.
14

one does not have time to separate all the worms into genera -- calls them
"oligochaetes" - and uses that as one taxon but puts it in a list with large, readily
identifiable forms of subspecies. Changing the names of the groups, the taxa used,
can influence how many diversity indexes perform. Using the Simpson Index
described later with four taxa (shown in Table 1) can result in an index of 0.53.
(The index can be computed using XPARK11.BAS available on the computer
diskette that may be obtained from the Park.)
Harima and Mundy (1974) did not restrict themselves to a single expression of
"importance" for either biomass or number of individuals that could be used.
Biomass may more directly represent energy flow in an area than number of
individuals, but the unit that is selected influences the index value. Species
numbers, though limited, do however, suggest the number of pathways open to
energy transfers within ecological communities.
Surprisingly, even knowing what to count as a species or the basic unit is not clear.
Species are stiil being discovered. Some groups are being re-classified-some
grouped together, others split. In some cases where microscopes are used, the
preparation of the slide itself has so changed the configuration of the specimen as to
cause it to become another species. In other species, environmental factors
influence their shape, size, color and other frequently-used taxonomic criteria.
Is a wild turkey poult the ecological or taxonomic equivalent of an adult bird? I
contend that the difference within this species is greater than among many genera.
The poult is an insectivore. the aduit a granivore (or omnivore). The ecological rcies
and influence are very different though it is ciear by one set of criteria that they must
be put in the same taxonomic unit. These difficulties have caused some people to
use size, biomass, and other units of "importance." A 100 kg deer does not seem
equivalent to a 100 kg cougar, however. Diversity expressions rarely accommodate
behavioral or feeding-level phenomena.
Part of the premise for desiring richness (and typically high richness) is that such
numbers imply more stable systems. This has been called into question by Abeie
(1975) and others.
The number of animals or piants is clearly related to the size of the area selected for
study. Few occur within 1 hectare; many in 1000 hectares. The number levels off
however, and after some point only a few species are added until conditions
radically change. The leveling has been of interest to students of the so-cailed
15

Fig. 3. The total number of species present typically increases as more and more
area is included in a study. When areas are uniform, a smooth, gradual cun/e is
obtained, but when different conditions are encountered, long flat cun/es (less rich
areas) or abrupt changes (A) (very rich areas) are obtained.

to

species-area curve. Others have looked for the rapid increase in that curve (Fig. 3)
to gain insight into when conditions change or new systems are encountered.
Species richness tends to increase at the grand scale from the poies to the equator.
Richness has 7 definitions used throughout the literature. It is often used
synonymously with diversity and means the number of species, S, in an area.
R. = S
An objective of preventing any animal or plant from becoming extinct is an objective
of stabilizing S or preventing its reduction.
How are species lost? How does extinction occur? How is richness reduced? The
major causes are: (1) excessive exploitation or removal as for food, oii, etc.; (2)
introduced competitors; (3) introducso ciseases; (4) environmental contaminants; (5)
loss of suitable space (or habitat); (6) cumulative loss of space; (7) major change in
ecosystem conditions once suitable; and (8) loss of genetic variability (e.g.,
inbreeding).
Other people define richness as S-1 (called R2 herein) since if there is oniy 1
species present, then there is no diversity. An alternative is to express some notion
of a "standard average" so the species present are expressed as number per 1000
individuals. In a polluted stream there may be oniy 3 species remaining but in the
sample there are 3,000 individuals. The richness index is 3/[(30OO/10OO)] = 1.0
(cailed R3 herein). In a dean stream there are 10 species present but only 600
individuals. In that case, the richness index is 16.7.
A fourth alternative, accommodating the great variability in animal and plant samples
(many rare species, a few very abundant) is the Margalef (1958) index
R4 = (S-1) /InN
where N is the total number of individuals and the logarithm of N (i.e., In) is to the
base e. A fifth alternative, R5 uses only the integer of InN, suggesting only groups
of numbers of individuals.
In the case of Margalefs index. R„, aiso cailed a diversity index, the InN may be
viewed in the same light as pH scales that are used in chemistry. Giles (in prep)
suggested that people tend to think in units of relative groups of abundance of
17

plants and animals. These are shown in Table 2. Where the groups are used (the
integer of the logarithm), R5 is obtained from it and is one believed reasonable for
use given the exireme variation found in species abundance over time, sampling
efficiencies, and taxonomic uncertainties.
Another similar expression is the Menhinick (1964) index:
Rs = S / N ° \
Ludwig and Reynolds (1988) recommend using R7 as an index of richness when
large samples are available. It is the theoretical maximum number of species
present (projected) based on the observed species and individuals (observations are
virtually always from a sample in the field.) The working hypothesis is that richness
follows a lognormai distribution. The equations and computations are provided by
Ludwig and Reynolds (1988:74-80) and a modified version of their computer code is
provided as XPARK09.BAS. Table 3 shows the results of the analyses for a set of
numbers from a sample containing 5 species.
All 7 indexes are presented in program XPARK09.BAS and relations among these
values can be easily studied there. The same data can be compared or used for
different purposes.
Life Form Diversity
Rather than using species as the analytical category, some people have
recommended using life form as the category. Life forms may be broad and may be
"trees, shrubs, grasses" or "birds, mammals, etc." Thomas (1979) described life
forms as "a group of wildlife species whose requirements for habitat are satisfied by
similar successionai stages within given plant communities." The number of species
in each form can be used in an analysis.
Numerical Dominance
Most diversity indices are directly proportional to the number of species and
inversely proportional to the total individuals.
Mcintosh (1967) described an index based on the number in each ith species, a,
D, • ( I n,2) °-s
18

i able 2. Representative values and boundaries for relevant abundance groups
(P'= logeN)

N

P

<3

1

3-7

2

3-20

3

21-55

4

56 - 148

5

146 - 403

6

404 - 1,097

7

1,098-2.980

8

2.981 -8,103

9

8,104-22.026

10

> 22,026

11
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See XPARK07 for computations. In this formulation, the diversity score decreases
as evenness increases. This index has considerable practical utility when
equivalent units of emphasis within an ecosystem are being considered. An example
of such use would be for comparing the 10 numerically most dominant birds in an
area before and after change in land use or when comparing 2 areas.
The numerical expressions of diversity are many. In addition to richness discussed
above, the other measures are:
D2 = the average number of individuals within plots or samples in an area.
The larger the average, the more diverse.
D3 = the statistical variance in the numbers in each species or taxon. The
larger the variance the less even the abundance among the groups and
the more diverse the population (by one definition.) The statistical
standard deviation may also be used. Part of the complexity of diversity
discussions is the idea of evenness. If there are equal numbers or
proportions in all species in a population, some people say hat the
information present is perfectly evenly distributed and resources are
probabiy as diversely allocated as possible. Thus, evenness or equai
proportions is a standard used by many people for making companscn of
diversity.
Dx = the Shannon-VVeiner (the general model named after the two
people who first used the concept) or the Shannon-Weaver (19A9)
index is the most used index of diversity and Is an evenness measure.
Its formulation is
D4 = - Z p. In ps
where p, is the proportion of the total individuals in each species(s) and In is the
logarithm to the base e. The more evenly distributed, the larger will be D3. There is
no upper limit or standard (like a score of 100) because the proportions change with
sample size and species numbers. XPARK05 allows computations of the index and
allows comparisons to be made with other indices iike the Simpson Index. When
communities or "assemblages" of plants and animals have several common species
and the rest "rare" species, the index is not very sensitive to change. This
distribution is very common, thus the index has an additional detraction. The
Shannon index is so frequently used that a simple example of its computation may
be of interest (Fig. 4.)
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i able 3. Presentation of richness expressions for a small hypothetical sample from
an area showing 5 species with their respective abundances.

Data Set

Index

Species
Taxon

1

Analyses

Code

Abundance

111

2

Richness

R1

22.73

R2

5.00

3

22

R3

4.00

4

15

R,

0.30

5

5

Rs

0.74

Rs

0.34
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I he Simpson index (1949) is:
D3 = 1-I(p;2)
which uses the same proportions as described above. This tends to express the
probability that two specimens picked from the area or population studied will be
from the same species. The Simpson index, (XPARK11), modified to produce an
unbiased estimate, is
D8 » 1.0 - Z[n, (n, - 1)]W) (N,-1)]
generally a summation of the squared proportions of species present. For example,
Table 4 shows a simple computation based on the original expression D5 where
each Dj is computed as (n/N). As with other similar indices, different numbers of
species and distributions among species can result in computing identical values of
D. When there is only 1 species present, the results are: D = 1.0 - 1.0 = 0. When
there are hundreds of rare species, the sum of a series of small, squared
proportions is a ver/ small number. Thus, D5 approaches a value of 1.0.
The Simpson (and Mcintosh) indices have maximum values of 1.0 when each
individual belongs to a different species. Minimum values are when all individuals
are within one taxcn.
If the total number of animals had been evenly distributed among all listed species,
the same proportion in each species, then we would have a maximum Simpson
index. What is the actual ratio of the number computed to the theoretical maximum
Simpson index? The relationship is
D7 = N / NSMAX
(Similar analyses can be made with the other indexes.)
Rarely do people want maximum evenness but it can be used as a standard, almost
as basis for expressing unevenness.
The Berger-Parker (1970) Index. Ds, is
D, = p
^3

r-r,ax

where p^ax is the proportion in the largest taxon and is clearly related to D... It
expresses dominance. An alternative is to study

22

D3 = p"
where p' is the proportion which would exist if ail individuals (N) were evenly
distributed among ail species or taxa (or N/S). Not surprising, we divide to get
D:0 = D3 / D9
an expression of relative evenness, which as stated above, is what some people
mean by diversity.
The major limitation in using a proportion to express what is going on within a park
ecosystem is that there are many ways the same proportion (the quantity) may be
achieved. For example, if there are 2 species and equal numbers in each, then p^^
is 0.50. There may be a similar area sampled where there are 100 species, 50 in
one and 1 individual in each of the other 50 species. Again pmax is 0.50 but few
people would suspect that these were the same ecosystems. This same
phenomenon, called "equifinality," occurs with many of the efforts to quantify
diversity and richness.
Bicmass and Size. Shape Diversity
3ecause taxa may not properly describe the functional components of parks or other
ecological areas (e.g., one horned owl is not equivalent to one winter wren; one
luna moth is net equivalent to a buffalo gnat) some scientists have attempted to use
size (at least classes), actual weight, and shape.
Process Diversity
Trophic Level Diversity. Trophic levels are feeding, foraging, and energy-fixing
levels. This last category can have other levels of analyses such as primary
(plants), secondary (plant consumers), tertiary (carnivores), and mixed (omnivcres).
The number of taxa within each level can be used to make analyses.
Production Diversity. The ecological unit of interest Is change in bicmass/unit
area/unit time. Different areas of the world have vastly different production -ranging from biowing sand dunes to tropical tidal wetlands. Pollutants can change
this production. Increased diversity within a large uniform marshland may indicaie
the presence or effect of a stressor.
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Table 4. A demonstration of the computation of the Simpson index of diversity.
(The unbiased version is available as XPARK11.BAS.) D4 = 1.0 - 0.59^2 = 0.406.
The unbiased estimate is 0.412. With large numbers, the two estimates are
identical.

Species

1
2
3
Totals

Number
Present in
Sample

Proportion

140
40
10
190

0.74
0.21
0.05
1.00
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Pi

0.547
0.441
0.0025
0.5942

Step 1
Abundance
Species Count
i
n,

1

20

2

20

3

20
N = 50
Step 2

p, 20/60 = 0.333
p2 20/60 = 0.333
p3 20/60 = 0.333
Step 3
Find logarithm bases of 0.333 (or in 0.333 = -1.099)
Step 4
Find the sum of the products
0.333 x -1.099 = -0.366
0.333 x -1.099 = -0.366
0.333 x -1.099 = -0.366
-1.098
Step 5
Change the sign
The answer D = 1.098

Fig. 4

Examcle of elementary computation of the Shannon index. See
XPARK05.3AS. a program for performing simiiar analyses.
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Behavioral Diversity. Animals may display a constant activity pattern, but under
different conditions increase or decrease the behaviors or vary the pattern (Geist
1973). "Diversity" has been used to describe this pattern. Interpreting the goodness
or badness of a change invariably is specific to each situation.
Relations. An animal is part of an ecological system, some part of a park. When
the animal disappears, the ecosystem becomes more simple, at least by one
measure. N, the number of species, is now N-1. The potential number of relations,
R, in any system is
R**» = N (N-1)
By substituting N-1 for N in the equation for loss of one species from a list of N
species, it can be seen that where once there was a population of 50 species with
2450 possible relations, with only 49 species, the potential relations are only 2352,
only about 96% of those formerly present. Losses are not simply related to the
number of species present. Of course all potential relations are never present.
Loss of some species may have an effect that bounds throughout a system,
affecting 50% of those that exist. Other less may have no observable effect. We
know so few ecosystems well that we can only approximate (guess) at the number
of truly significant relations, either to the system itself or to humans.
The more complex the system (the more species present), probably the less
significant wiil be the less of one species. In general, "the more the relations, the
better" because if one Is destroyed or blocked, the greater become the chances that
substitutes or alternative pathways can be found in regaining approximately the
orioinal wiidland conditions.

Temporal Diversity
One of the most complex elements of diversity is the description of that related to
changes over time. The issues are over the amount of changes between and
among years and groups of years.
Many recent papers on "sustainability" have implied that diversity in production or
change in area in cropland production is undesirable. Others claim diversity is
good. Some argue for realism and say that seasons, climate, etc. do vary and there
is no way to ger a very stable condition when dealing with natural resource systems.
Other peopie claim that sustainable does not mean "stable"; how unstable a system
can be and yet remain sustainable remains to be discussed and formally described.
is a ruffed grouse population stable? Diverse? Seme claim that animals with cycles
are more diverse than those that van/ widely each year but are not on a constant
"schedule.' There is yet no known coherent simple basis for describing temporal
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diversity. It has measures of:
1. a study period, say 20 years
2. central tendency, the mean and mode over the period
3. statistical variance over time
4. amplitude, the deviation (+ or -) from the mean value
5. period, time between recurring repeated values
6. trend, the rate of change in the average value over the period
7. thresholds, values beyond which the system will no longer function in the
past pattern (or at all)
8. noise, unexplained variation that differs from the analyzed pattern of
occurrence of 2-7 above.
In order for a system to be viewed as stable (presumably not very diverse) over
time, say over 50 years, then my premise is that it must have 5 things. It must
have a performance measure, a means agreed upon by several thoughtful people to
quantify its status and allow results to be plotted and otherwise analyzed. Diversity
measures or indices, I believe, have been thought to be such measures. They are
nor; perhaps 1 is, but proof is certainly lacking. Assuming a system performance
index could be agreed upon, just for exampie only "the springtime abundance of the
wild male displaying turkey", then that abundance could be analyzed.
The second need Is that at least one of any period of a cycle (if cycles occur) must
occur within the obsen/ation period (suggested to be 50 or more years).
The third need is that any two statistical variances in the performance measure (Q),
calculated anywhere during the period, should not be significantly different. The
appropriate F statistic for making this analysis should be sought for a confidence
level (alpha) of 0.1 to 0.2 due to the expected variability in natural systems.
The fourth need is that no amplitude should exceed a decided maximum. This is
considered the allowable amplitude and may vary with local conditions, expert
knowledge, scientific studies, or other means. This is the limit beyond which a
system cannot re-stabiiize itself or be stabilized cost effectively by people (the role
of negative feedback).
A system need net have a constant mean value over time for it to be stable. A
slow, "smooth" change over time may be highly desirable in health care or crime
reduction. Drastic change often produces unforeseen secondary instabilities. The
acceptable rate of change in the mean value of the system o^er time needs to be
specified.
These 5 elements are needed to describe the condition of stability. The lack of
stability, by one concept of diversity, is an important measure.
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People have not yet decided what they want when it comes to stability or diversity
over time. Some change or difference is expected: some makes life interesting;
some open new opportunities; too much can be destructive and result in species
extermination ... or new genetic expression.

Spatial Diversity
Tjallingii (1973) said that "nature consen/ation stands for the conservation and
management of the actual richness of biocoenoses in a landscape. By native
design we mean the development of potential variety of the biotic complex based on
actual vanety of the abiotic environment." I took this to mean, literally, that if it were
possible to determine or estimate the potential richness of biocoenoses.
(approximately "ecosystems") then it would be possible to measure or estimate the
actual number of biocoenoses present and therefore to make comparisons. The
potential richness (of different mapped units), if given an index of 1.0, could become
the standard, and thus a measure of the efficiency of "nature design." Nature
conservation I took to imply management, and thus when change in a system had
been achieved or predicted, whatever design had occurred would be the means for
quantifying and evaluating that function. Whether change can occur is a problem
and is a function of tract age. Any tract can be fairly easily destroyed (it is easy to
cause a tract to move to the 0 age in advanced-age forest stands). Each stage
(age) has measurably different difficulty in moving to the next stage. Design is
limited by the age and type of vegetation. Clearly it is also limited by other factors.
All of these other factors and their relative importance can be viewed as criteria for
and measures of the efficiency of the design.
Many people make the assumption that the more diverse the environment, the more
diverse will be plants and animals. The assumption is inappropriate. Even the
desire for more diverse plants and animals could be clarified and ascertained. A
diverse environment, is difficult to define but herein I limit discussion to mappable
patterns over large areas, e.g., 100,000 acres or more. The units that can be seen
from an airplane, areas significantly different in appearance from adjacent units, are
the topic here. There are other topics including these of the smallest size unit, the
resolution of "significantly different," the nature of land units that have tight corners
(few degrees), the number of types to be named (the taxoncmic problem previously
discussed), and seasonal changes. There is the more important topic of the volume
of each map unit. With the two-dimensions of the map, there needs to be included
the height dimension (e.g., grass vs trees) to allow reasonable discussions of plant
and animal biomass living space and energy budgeting.
There are over 30 descriptors of spatial patterns. Discussions of sparial diversity or
biodiversity of the landscape now center on how to describe the heterogeneity of the
oattern in the area. There are more asoects to soatiai diversity than to the
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previously discussed diversity of parkland flora and fauna. The major aspects are:
1.
2.
3.
4.
5.

Distribution in size of the elements
Distribution in spatiai pattern (e.g., clumped, random, or uniform)
Quantity of "joins'' or measures of contiguity
Quality of joins or the juxtaposition of types
Species-specific minimum spatial constraints.

From one perspective, the more similar areas or conditions are, the less diverse
they are. This allows a set of similarity estimators to be studied and their use
explored for comparing conditions within and outside parks as well as before and
after actual or predicted changes have occurred.
Distribution. It is rare when a group of people wiil agree on whether the blacks and
reds of a checker board are more diverse in their conventional, evenly-spaced
arrangement or when they are randomly distributed over a board. Those who define
other diversity in terms of evenness tend to argue for the game-board arrangement.
The alternative has been argued well by others. The poisson distribution
successfully describes uniform, random, and clumped distributions (say of latitude
and longitude location or distance apart.) When poissonai and the mean equais the
variance, the ratio is 1.0 and the pattern is said to be random. When the mean is
divided by a very low variance (as when map elements are uniformly distributed),
the ratio is very great. When clumped, the variance is great and the ratio small.
The poisson ratio a weil known and developed procedure. In general I suggest
using the value of 1.0 as a benchmark for comparisons and anticipate that the
number wiil typically be less than this.
Size Distribution. The proportion of the area within each type is often used and the
Shannon, Simpson, or other index can be used to develop a statistic expressive of
these proportions. The Simpson index seems especially useful in that it is strongly
influenced by the type of land present in greatest proportion. It has been called a
dominance index.
A rank ordering of types may be useful and for some areas a straight line relation,
negative for the logarithm may be expected (Fig 1.)
Practically inseoarable from the issue of distribution is the aspect of species-specific
minimum spatial constraints. Some species require at least X acres to sun/ive or
live in an area. If not present, the species is not present. Wccdlots surrounded by
fields (forest isiancs or fragments) may be too smail for many birds usually seen
among such trees. The forest is a forest...but it is too small.
The idea of minimum tract size is frustratingiy complicating for it is scecies specific.
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It cannot be generalized. Some animals can live in (are even encouraged by) smail
forest islands, others denied. Each species contributes to richness and/or
abundance numbers for the biodiversity index that is in use in the area. Removing
forest islands, creating forest openings, or changing the sizes of these can increase
some species, decrease others. The minimum size for each species is critical for it
influences the role of each species in the biodiversity calculations.
Proximity. There may be two land use types. They are separate and analyzable.
They may each be different in size. Perhaps a bird cannot not live in a 50-unit (e.g.,
acres) area but can find life needs within 100 units. If these areas are close
together, the bird may fly between them; they are as one unit. If distant, beyond
some energetic or behavioral limit, they are as if they are only one 50-unit area and
this is unsuitable.
Areas may touch. There is maximum proximity (= contiguity). Corridors are
advocated within much biodiversity literature. Few animals move afong corridors.
The word connotes movement. For the land use manager, the needed concern is
for linear areas, how to assure appropriate size areas, how to retain or produce the
proximity or contiguity that will provide adequate spaces, behavioral units or
territories for animals and seed-dispersing plants. At some large-area scale, there
are needs for sufficient proximity to allow dispersal, avoid inbreeding, and assure
genetic diversity.
Edges are "joins"; corners where 3 or more types touch are also joins. In computer
analyses of maps these joins provide one measurement that wiil likely correlate well
with various expressions of pattern heterogeneity and how that then relates to the
abundance and distribution of plants and animals. As wiidlife specialists found out
years ago, the habitat may not have to be measured for it is well integrated by the
animals present and their condition (Kirkpatrick 1980). Perhaps landscape pattern is
merely the means to the desired end; sufficient, safe, healthy, rich populations over
the long run. Trying to determine and regulate that pattern is the managerial task
ahead.
Quality of Joins. A pine forest contiguous to a cedar grove is not likely as good for
many species of wildlife as a com field contiguous to an oak forest or a pond next to
a failow field. This is an expression of the quality of an edge. When there are more
species and greater abundance at the edges than in the pair of types creating edge,
then "edge effect" is said to be seen. This effect does not occur with all edges: the
effect is related to the quality of the join. Similar phenomena occur where 3 cr more
types come together (points in space or type corners). The quality of a join for an
animal is the "juxtaposition" and indices to it may be estimated.
Connectivity. One expression of pattern diversity (cailed a gamma index of network
connectivity (Forman and Godron 1986:417) is the ratio of actual (L) to potential
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connections (L,ax) or linkages between tracts. The center of each tract is
considered a node (V) and
D.0 = L/(3(V-2)).
Given the significance of the Park, and using it as a fixed node, comparisons of
actual or prepared linkages and changes due to land use may be computed. The
above expression may later be modified to express the quality of each linkage
(including proximity rather than a physical join) and thus summary expression of
changing linkages to areas outside the Park.
This concept of the quality of a linkage is included, in part in a so-called patch
interaction index (although no action is hypothesized; it is a weighted distance or
linkage, nearest-neighbor, potential-effect index) is
D.,=Z(A/dj)2
where A. is the area of each closed-boundany area, patch, or tract near the parks
and d; is the distance between the Park center and patch centers (or nearest points
or edges) (Forman and Godron 1986: 417-418).
Similarity
From one perspective, the more similar that areas or conditions are, the less diverse
they are. This ailcws a set of similarity estimates to be studied and their use
explored for comparing conditions within and outside as well as before and after or
predicted changes have occurred.
The Jaccard index of similarity is
S, = C / ( C + A + B)
where C is the count of species or items in common to both areas A and B. A is
the count of all soecies from area A and S is the count from another area. There
must be at leas: one species present in area A or B.
The Dice similarity index is
S, = 2C / (2C + B + C)
The Ochiai index (XPARK06 and XPARK14) is
S3 = C / ((C + A)05 (C + 3)°-3)
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An area may be more or less diverse than it was previously. Implicit in most
discussions about diversity is that the present condition is satisfactory (or as good
as it may get) and that "things" are probably different. There is need to compare the
present with the past, to test if there is a difference and also whether it is
significantly different than that which can be expected due to chance alone. This
can be achieved using Spearman's rank order coefficient. XPARK06 allows such a
comparison among up to 20 pair of taxa or communities. This limit of 20 seems at
first impression to be too limiting. In bird studies, it is rare that large numbers of
more than 10 species are observed. A before-after comparison of these may result
in a correlation coefficient that can be considered a similarity index. There are
many assumptions associated with the technique, but when taken as a general
guide with a reasonable confidence level of about 0.90, then when R exceeds 0.377
(when there are 20 pairs) there is a real difference, one not likely due to chance.
Alternatives
Suppose we could decide upon or select some structure, process measure, or
relational index for an ecosystem with which we are working or studying. For
example, we may be interested in total bicmass, in metabolism or decomposition, or
in some index to competition. Then we might call that thing of interest K and seek
to understand it, looking for any and all factors of which it is a function. Thus
K = f (x., x., ... xn).
The ecologist or managers intuitively hypothesizes that one of the x's might be the
total species, s, or richness (s - 1) known to be present. This is
K = a + b loge (s + 1).
We use the logarithm, base e, because we suspect that in some cases one unit
change in s may not result in an equal amount of change, every time, in K.
The transformation of log, (s + 1) = e3 *'.
When s is 0, then there is no mathematical equivalent or meaning to e3. A zero
observation is likely in ecological samDies. thus an expression of e5 would be
impossible. We add 1 to all observations, then adjust all after the computations are
made. When the exponent, s, is 1, then e3 = e. When this occurs we have a linear
relationship. When linear relations are not present, the logarithmic relationship
ailows appropriate curvilinear relationships to be expressed and studied.
In a situation. A. where K is linearly related to s, then using the regression analysis
(XPARK15) in the PARK disk, an equation can be developed for the data :or A
(Table 5) such that
K = -11.2 + 5.0 s
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i able 5. Hypothetical data shown here can be used to relate some factor of interest
(K) to species richness (s).

K

s

In ( s - ri

S

2

1.098

8

A

1.509

10

0

1.946

20

8

2.197

50

10

2.398

Using the log (s + 1) transformation, then
log (K +• 1) = 0.1493 + 1.381 (s + 1)
When a value s is placed in either equation, an estimate of K is obtained as
expected. The equation with the logarithm typically describes the relationship better
than the simple equation.
Organisms have different efficiencies in each environment. Some may be optimal,
others alive, but functioning suboptimally in an ecosystem imperfect for their
evolutionary stage. Should all species and individuals be tailied equally based on
mere presence as in classical diversity models? I think not. Should the lactating
female deer, for example, be tallied as equivalent to a fawn?
Even/ place in the world is unique (Giles, in prep). If so, then when areas are
compared in terms of diversity, it is likely that they wiil be different. It is surprising to
some people that very different ecosystem conditions can produce the same
diversity index. This is the expressed principle of system eorfinalitv. For example,
usina the diversity measure of SimDson.

Soecies
Number in A
B

1 2
3
4
Index
3 30 40 50 0.57
33 0 33 33 0.57

I wish to argue that conventional expression of diversity tend to be expressions of
evenly distributed numbers of species, i.e., the relative abundance of all species will
be the same. The higher indexes wiil be obtained the mere "evenly" distributed are
the numbers among the populations. While this may be mathematically interesting
and useful as a computational standard it has little intuitive appeal, it is not an
expected condition In the field, and it must be argued, for example, that a
community with 100, 60, and 20 animals in each of three species is less diverse
than one with 50, SO, and 50 in the three species.
The difficulty in interpreting evenness (at least for me) is one of perspective. If I
have a resource (say candy) and I am asked to distribute it diverse!'/ among
children, I shall try to give each one an equal amount (thus achieving evenness).
An alternative perspective is that of the children, all having gotten and eaten some
of the candy? Equal amounts to each? An amount to again equalize the amount
that each child holds in hand?
I wish to argue that among 'hose with whom I discuss diversity, most co not want
nor do they expect equal numbers of condors, cowbirds, and English sparrows (a
3-1

condition thai would produce a very large Shannon and Simpson index.)
Alternatively, they appreciate and expect rare species as well as "vast flocks" etc..
They typically prefer native species as part of the diversity (reduced s for the world
system).
I suggest that ecologists expect to see, and people in general wish to see or have
present, a few very abundant species (plants or animals), many somewhat abundant
species, and many, many species that are scarce, rare or infrequently seen.
Diverse seems to me having a variety of abundance estimates, a high variance. I
suspect a close approximation to this desire is the mathematical negative logarithm
series. It could be a standard against which the distribution of abundances could be
compared gust as they are now compared to a uniform or even distribution.)
Boswell and Paxil (1971) demonstrated that populations, not interacting, tend to grow
to have relative abundances of the log series. Others have done studies supportive
of a logseries hypothesis (Wiiliams 1944, Engen 1975). Reasoning from principles
of competition and energetics (Odum 1983), it is unlikely that any two species will
be of equal size for very long, thus they will be uneven, and thus located
somewhere on the logseries slope.
While s may explain much of the variation within the population that we study in
order to understand the relationship bexween s and K, it is unlikely to explain it all.
The statistic r\ the regression coefficient, is not likely to have a value of 1.0 but
much less. Maybe by combining s and some other value, K can be better known
and r will be larger, even approach 1.0. Past efforts to do this have been to
combine s and the relative densities of all species (the proportion in each species i,
thus the Pj 's) into one number. These have been called diversity indexes.
The humorism is told that any biologist, given two sets of observations, will always
divide one by the other. There seems to be a tendency to want to simplify, to gain
control (in the sense of knowledge) over incredibly complex systems. Indices have
seo/ed in the past, before computers. In this paper I suggest that K can be bexter
explained for most ecological situations using s, N. and a set of abundant soecies,
all separately, than by using the diversity indexes. The appeal is to using
conventionai modern multiple regression techniques with the log(x + 1)
transformation (Green 1979 and made ccerational in XPARK15), and decreasing
rank-order processing of obsen/ations. The result is a regression that appears as:
K = a + b log (s + 1) + c log (N - 1) + d log (p. + 1) +
eicg (p2 + 1) + flog (p. 1 giog (p., + 1)
+ hlog (p5 + 1)
where s is as before, N is the totai number of all creatures, and p. to ps are the
proportions of N in the first five most abundant creatures. Preferably, estimates of
density wiil reciace the o;'s to avoid the extra influence of N in each variable.
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Extreme variation, will replace shifts in rank order (Solomon 1979) and observations
over 20 years suggest this limitation. [It might be tested later as the PRESS
statistic, stopping entry of variables not at 5 but at the point where the statistic
suggests no further gains in explanatory power for factor K.]
Practical Biodiversity
What is to be done? Enough theory!
My admonition is to consider and operate on Prince Wiiliam Forest Park premise.
That premise is that reasonable people want
many species of plants and animals,
a reasonable abundance of each (sufficient to reduce the chance of ail being
lost due to some radical change in conditions),
each year
for the foreseeable future (and the future of their family.)
It is unlikely that one index will tell managers or the public when a park or other
system is performing to achieve this condition. Decisions about the proper
performance measures are needed, then action to preserve threatened and rare
species typically by following the detailed recommendations of a species recovery
team.
After this, then the list of practical actions for parks and similar areas can be made.
A unique seiection of actions, and amounts of each, may follow:
Allowing limited area burns from lightning-started fires to allow new
communities to emerge.
Developing wildlife-productive areas where appropriate.
Encouraging habitats and protect those for threatened or rare species.
Creating or stabilizing the number of special resources such as dead tree
snags.
Inventorying, analyzing, and creating a storage and retrieval system for
information on regional flora and fauna.
Developing a risk-of-lcss rating for all regional flora and fauna.
Avoiding use of "biodiversity" except in general conversations. (Step trying to
capture the full complexity of life in an ecosystem in one word.)
Using the concept of park or system "performance measure."
Seeking to state precisely a performance measure of the park.
Seeking to clarify the floral and faunal components of that measure.
Seeking to find the major relevant variables actually or potentially influencing
the floral and faunal components.
Measuring over many years in a planned sampling effort the identified
variables.
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Presenting the desired, potential, and actual change over time in the system
performance measure.
Preserving areas that are representative of regional topography, geology, and
proximity to water allowing natural ecosystem development.
Preserving naturally-occurring combinations (systems) of biological structure.
dynamics, and relations.
Developing a means for estimating effects of proposed changes in and at the
edge of the park on the performance measure.
Communicating estimates widely to the regional pubiic.
Communicating with the aid of indexes the difference between parks as openair zoos and wildflower gardens but interdependent communities.
Estimating the likely maximum performance measure for each area so that it
can be used as a standard for comparison.
Restoring stream gradients and channels and riparian vegetation.
Creating enclosures-exclosures to assist in observing change.
Controlling invasion by non-native flora or fauna.
Forming organizations and coooerative relations that will tend to stabilize
optimization of the above actions to achieve a frequently-re-expressed
system performance measure.
Creating regional planning systems, at least computer-based assessments of
the many consequences to plants, animals, and communities from
proposed land use changes near parks.
Maximizing human use of the protected areas, excluding uses or intensities of
use that significantly influence plants, animals, and the performance
measure.

Examples and Managerial Actions
At an elementary level, the reader may find it useful to use the XPARK05 program
and attempt to answer questions or experiment with the options there. Given some
population sample from a park (such as in Table 3) it is possible to compute many
indices of diversity. Then it is possible to ask questions such as:
What changes occur in the indices if:
1 2
3
4
5
6

-

You cause the extinction of species 1 or 3 (or anyone, for the loss of
each will usually produce different results)
You stock 50 animals of species 1 or 3?
Ycu stock 10 of species 5?
You let species 5 decline to 3 animals?
Ycu doucle your sampling effort but retain the same proportions?
You were some how abie to redistribute the abundance of ail of the
piants so that they were all equal in the samples (maximum
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evenness)?
Global temperature change causes a 5 percent reduction in all
species?
Ycu reduce pollution and one species increases by 5 times the prior
abundance?

The parkland-wildiand manager along with citizens may gain active control over the
progress of the system and may (by various actions, policies, etc.) perform acts like
suggested by the above 3 questions.
To achieve (1) large numbers of species (2) in adequate abundance, and (3) not
violate basic premises of energy budgets and conventional ecology, then there must
be adequate spaces for them for a consistently long period. Thus the issue of
faunal diversity is transformed to one of spatial diversity. The difficulty remains.
The needs, therefore, appear to me to be the following:
1-

2345-

3-

7 -

8 -

9 -

Many hectares (one estimated home range for each animal family
group; a range in each seasonal use area; an estimated minimum of
50 groups. The area does not have to be in are complete unit but if it
is discontinuous and is to be counted as area potentially useful to a
species, then the distance between units must be no more than the
radius of a circular home range.
Multiple layers (from a clean overhead flight layer to multiple deep
underground layers including caves)
Terrestrial and aquatic systems (including high salinity aquatic
systems)
Many life forms (broad vegetation communities or types, i.e., confers,
hardwoods, shrub communities grassland)
Many combinations of photosynthesizing forms of life which are a
function of
a- biotic temperature (-2'C and -110°)
b- adequate precipitation
Many age classes (I now perceive 5-year classes over 150 years or
30 possible classes to which there may be observed significantly
different responses by more than 10 species)
Weil distributed age classes (the full range of ages (6 above) in each
type (4 above) in each system (3 above) and within each these should
be clumped, implying a distribution that is poissonal and one that will
be judged true if one standard deviation of the mean is greater by
least 1.1 times the square root of the mean.
High juxtaposition index (the interspersion, expressed as in 7 above,
has also the extra benefits or enhancements resulting from the
proximity of life needs, e. g., food contiguous to cover)
No major anthropogenic change in bicgeochemical function of an area
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(person-caused pollution, hazardous condition (e.g., wells or mines),
disrupted function (lateritic soil); exclusions (e.g., fences and facilities):
or other intensive human use).
The results of this complex analysis is a set of 9 criteria which can be used to
evaluate areas for their potential biological diversity. To the extent that all are
satisfied perfectly, the potential number of species will be great over some long run
(judged to be well viewed as 150 years, with the horizon being extended year with
the passage of each year.)
The analysis is complex and using a computer is reasonable. Analyses can be
used for disruptions of areas (a means to do such analyses is intended to be done
for the Prince William Forest Park in subsequent phases of this project) and for
comparisons before and after treatments or proposed changes. A theoretical
maximum might be computed, (e. g., for a pre-settlement condition (Diamond and
Giles 1987)) and it then used as a standard or the denominator in a computation to
estimate a percentage of the complex biological space that remains. As discussed
previously, with so many criteria, there are many ways the same index can result
This is a display of the equifinality principle. It may provide the manager, developer,
and those seeking to mitigate or plan for loss alternative pathways to retain or
improve this spatial index. Trie index is the basis for biodiversity; without a high or
stable index the expressed desires of so many people for over 25 years will not
likely be achieved.
How a person "plays his or her chips" is a concept of strategy and risk-taking. The
diversity index is a measure of how people have played or now play against nature.
What is optimum diversity (not necessarily maximum diversity) is a question of the
objectives for a system.
The game with nature is a question of likely returns (e.g., from corn) and likely risks
of passing some ecological threshold and losing even/thing. An important question
for the wiidland manager is: will increasing animals and plant species in an area
with its resulting increased diversity index in fact increase the community stability?
The modern manager will increasingly have to present people's plays against (with)
nature more realistically to the players.
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